Abstract -The potential energy surfaces of acetaldoxime carbanion and its ion pairs formed with lithium and sodium cations ions have been explored with ab fnftfo methods to model and study the regiochemistry of metalated oxime ethers. Planar structures of the carbanions produced by deprotonating acetaldoxime are minima on the potential energy surface. The synisomer is 2.6 Kcal/mole more stable than the anti. This difference is not a manifestation of cyclic conjugation but more likely is a result of electrostatic effects. Two chiral and almost isoenergetic minima have been located for the ion pairs formed by either of the isomeric carbanions with Li+ or N a ' . The gegenion engages either in face coordination or bridges the NO-bond in a r12-fashion. In oxime ethers face coordination is expected to become dominant for sterlc reasons. LiC-contacts are surprisingly long in all of the ion pairs. Bonding to the metals in the ion pairs is predominantly ionic. Ion pair formation increases the syn preference energy compared to the free anions, and the syn preference energy is greater for Na+ than for Li+. Reactions with electrophiles via the syncoordinated metal permits prior coordination and ion pair formation in the Product.
INTRODUCTION
The formation of a new carbon-carbon bond in the a-position to a carbonyl group is one of the most important reactions of modern synthetic organic chemistry but the control of the reglochemistry is an especial problem that has received much recent attention. The introduction of metalated enolate equivalents (ref. 1-3) has resolved many of these problems and opened a wide field of modern synthetic chemistry (ref. 4 ) . Many metalated N-derivatives of carbonyl compounds, R1R2C=N-X, have been used as enolate equivalents. Oxime ethers are typical examples (ref. 5-8) and form the basis for the present study.
One of the most important characteristics of these organometallic reagents i s the high regioselectivity of their formation: a remarkable preference for the syn-configured enolate is generally observed (ref. 9 . 1 0 ) . In a typical reaction sequence the N-derivative of the carbonyl compound is generated, deprotonated with a strong metallorganic base (BuLi, LDA, LDEA, KDA and others) at low temperature in THF and reacted with the electrophilic reagent. This sequence, terminated by the regeneration of the carbonyl function, has been successfully used to produce a great variety of synthetically valuable mono-, bis-and polyfunctional molecules under mild conditions and in high yields. Carbon-carbon bond formations by oxidative addition of the enolate intermediate have also been reported (ref.
3.8).
Slnce the reactions involve relatively non-polar solvents, such as ethers, ion pairs rather than free carbanions are clearly implicated. Low temperature deprotonations also raise the questlon of whether the syn-regiochemistry found is a kinetic rather than a thermodynamic phenomenon.
These questions are studied in the present work with ab f n f t f o calculations of isomeric carbanions of oximes and their monomeric lithium and sodium derivatives as models for metalated oxime ethers (ref. 1 1 ) . Some reactlon transition structures have also been determined for these compounds. The role of aggregated intermediates in these reactions has not been settled (ref. 12, 13) : most recent discussions have assigned a primary role to the monomeric metalated specles.
METHODS
Standard single-determlnant spin-restricted Hartree-Fock calculations were performed with the programs GAUSSIAN 80 and GAUSSIAN 8 2 (ref. 14). Structures of stationary points were optimized simultaneously using analytical gradient techniques (ref. 15). Optimizations were carried out under the constraints of the symmetry point group specified. Because of the sizes of the systems, the considerable numbers of internal degrees of freedom and the shallow nature of the energy surfaces of ion pairs studied the split-valence but still relatively small 3-21G basis set (ref. 16) was used for the structural optimizations. F o r the celculatlon of the carbanions the 3-21G basls set was augmented by single diffuse sp-shells (ref. [17] [18] [19] . The metal cations were described by the 3-21G basis set to provide a more balanced functional description of the paired ions (ref. 20) . Energies were calculated with these geometries and the 6-31Gr basis set (ref. 21 ). The standard 6-31GC basis set was modified in that no d-functions were used for the description of the metal atoms. These functions are not necessary for the proper descriptlon of the metal cations but would Increase the number of empty orbitals at the metal atoms and lead to increased basis set superposition (ref. 20) . The 6-31G* basis set was augmented by diffuse sp-shells as in the case of the 3-21G basis set to give the 6-31+GC basis set. Harmonic vibrational frequencies were calculated at the level of optimization to characterize stationary points as minima or saddle points and to obtain vibrational zero-point energies. The vibrationel zero-point energy corrections to relative energies were scaled by 0.9) (ref. The ab f n f t f o calculations were carrled out in part on our VAX-11/750, the VAX-8800 of the Campus Computer Facility and the Cray I 1 at the San Diego Supercomputer Center.
RESULTS AND DISCUSSION

Formaldoxime and Acetaldoxime
The structures of formaldoxime, 1, and of two methyl rotomers each of 2-, 2, and E-, 3, acetaldoxlme, were optimized at the 3-21G level. The 6-31Gr energies of the structures are summarized in Table 1 syn-X- functions.
bHONCHCH2-= X-. (ref. 29) . We have studied theoretically the reaction of the lithium ion pair of the syn-carbanion of acetaldoxime with hydrogen fluoride leading to acetaldoxime and lithium fluoride. The hydrogen fluoride was allowed to approach the molecule from the same side as lithium (cis) and from the opposite side (trans). All of the molecules involved in the protonation reaction were calculated with the 3-21G basis set. At this basis set level the reaction is exothermic by 28.2 Kcal/mole. The bond distances between lithium and the skeleton atoms of the anion in the ion pair are significantly reduced at the 3-21G level compared to the 3-21+G calculations. The shortening of these bonds indicates a larger basis set superposition error at 3-21G. The reaction was also studied at 3-21G with the inclusion of a shell of diffuse sp-functions on F, 3-21+[F]G. The structural effects are small but energies are affected significantly.
The approach of HF from the metal-coordinated face of the ion pair results in the coordination of HF to the lithium cation followed by orientation of the HF toward the reactive center and reaction without an activation barrier. Optimization of the positions only of Li+ and HF while keeping all other parameters those of the isolated lithium ion pair gives a structure that is not a true energy minimum complex but does show a favorable positioning of the HF for reaction with the carbanion. Proton transfer results in the complex between acetaldoxime and lithium fluoride shown in Fig. 7 .
Reaction o f HF with the ion pair from the side opposite to the metal coordination (trans) does not occur in this gas phase model. This obtained even with diffuse functions on fluorine. Hydrogen proaches the reactive center (Fig. 8 ) but the proton transfer because it would leave the ions Li+ and F-on opposite sides of product acetaldoxime. does not lead to proton transfer.
In solution the exothermicity of the reaction from the syn-side would be reduced since the electrophile would have to compete with solvent molecules in order to achieve the precoordination necessary to place fluorine close to the lithium cation. Indeed, the replacement of a coordinating solvent by the more poorly coordinating HF may well contribute to a activation barrier In contrast, the reaction involving the entry of the electrophile from the opposite side would probably involve different solvation factors. The calculated energies are therefore of little significance. The important point to be made is that lithium cannot pass through the plane of the anion as the electrophile approaches from the opposite side. The inability of the lithium cation to change sldes upon trans-entry of an electrophile leaves the lithium and the fluoride ions far apart and it seems unlikely that such a situation could be competitive with the ideal arrangement of the reactants in the case of the cis-entry.
The above reaction deals only with monomers. A recent MNDO study has indicated that lithiated oxime ether dimers may be present in solution but that reaction with electrophiles probably involves only the monomeric ion pairs. The calculations suggest a general mechanism for the reaction of metalated oxime ethers with electrcphiles. Entry of the electrophilic reagent into the primary solvation shell of the gegenion leads t o precoordination between the reagent and the metalated oxime ether. Orientation of the reagent initiates reaction and leads to the a-substituted oxime ether. Dissociation of the post-reaction complex between the oxime ether and the lithium salt terminates the reaction sequence.
